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ABSTRACT 


Isopach maps and structural contour .maps of the 
eastern mare basins (30°N to 30°S; 0° to 100°E) are 
constructed from measurements of partially buried 
craters. The data, which are sufficiently scattered 
to yield gross thickness variations, are restricted to 
shallow maria with less than 1500-2000 m of mare basalts 
The average thickness of b-asalt in the irregular maria 
is between 200 and 400 m. 

Multiringed mascon basins are filled to various 
levels. The Serenitatis and Crisium basins have deeply 
flooded interiors and extensively flooded shelves. Mare 
basalts in the Nectaris basin fill only the innermost 
basin, and mare basalts in the Smythii basin occupy a 
small portion of the basin floor. Sinus Amoris, Mare 
Spumans, and Mare Undarum are partially filled troughs 
concentric to large circular basins. The Tranquillitati 
and Fecunditatis are composite depressions containing 
basalts which flood degraded circular basins and 
adjacent terrain modified by the formation of nearby cir 
cular basins. 

Correlations between surface topography, basalt 
thickness, and basin floor structure are apparent in 
most basins. The mare surface is commonly depressed in 
regions of thick mare basalts; mare ridges are typically 
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located in regions of pronounced thickness changes; and 
arcuate mare rilles are confined to thin mare basalts. 

Most surface structures are attributed to shallow stresses 
developed within the mare basalts during consolidation 
and volume reduction. 



INTRODUCTION 


Purpose and Scope 

The mare basalts and the basins which contain them 
exhibit a diversity of surface shapes, sizes, and forms-.. 
Designation of maria as circular, multiringed, or 
irregular has important implications for the origin of 
the basins and the lunar processes operating to modify 
them after formation. Isopach maps of the mare basalts 
and reconstructions of the pal eotopography prior to 
emplacement of the basalt provide important data bases 
for the description and study of mare materials and the 
basins in which they are empl aced . 

This paper presents a three-fold study of mare 
basalts. The major objectives are: 

1. To estimate the thickness of mare basalts in 

- the eastern maria and to construct isopach 

maps of the basalts. 

2. To determine sub-basalt basin floor topography; 
hence, the configuration of the basins in v/hich 
basalts have collected. 

3. To 1 denti'fy and correlate topographic variations 
of the“s urface "(1 arge and small scale) with 
variations in basalt thickness or basin floor 
topography .■ 
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The area of 1 n vesti gatton is limited to the eastern 
maria (30°N-30°S; 0°-100°E). Within these limits there 
is a maximum of photographic and topographic data 
derived from the Apollo program. Further, the eastern 
maria provide a variety of surface features and basinal 
types with a limited size range. 

The method of estimating thickness is restricted 
to crater geometric techniques. Other photogeologic 
or remote sensing methods may provide thickness data, 
but these methods are not, at this time, fully developed 
or they yield data distribution insufficient to be used 
alone. The addition of data from multiple sources will 
eventually provide a more refined description of mare 
basalt thickness. *■ 

Background 

Baldwin (1949, 1963) demonstrated that for fresh 
terrestrial explosion craters, known meteor impact 
craters, and fresh lunar craters, there is an inter-^ 
dependency of rim height and interior depth with crater. . 
diameter. Baldwin's (1963) data for 1 una.r -ray. craters _ . 
take the -form of a curvi-l i-nea-r-pl ot- on Tog-Tog- -coordinates . 
Pike (1967, -1-972)- re-evaluated, the- data— from new -c-ra ter 
measurements as two linear expres-s-ions.on-Tog.-T-Tog- 
coordi nates -( Fi g.. 1). - The equations- for exter-na-1— r-im- — • 
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heights of fresh lunar craters are: 
h = 0.053D°-^^ D<17.5 km 

h = 0.270D^-^^ D>17.5 km 

where h is the height of the rim above the surrounding 
surface in km and D is the crater rim crest diameter in 
km . 

Craters partially buried by mare basalts are recog- 
nized as rings or incomplete rings of non-mare material 
protruding above the mare basalt plains. Complete shallow 
burial results in "ghost rings" or "ghost craters" CCruik- 
shank^^. , 1 973) with mare materi a 1' draped over the’ 
submerged crater rim. Marshall (1963) and Eggelton (1963) 
used Baldwin's ratios of rim height to crater diameter 

4 

to estimate the thickness of mare materials of Oceanus 
Procellarum in the Lansberg region of the Moon. DeHon 
(1974, 1975a) used Pike's data to construct isopach maps 
of Mare Tranqui 1 1 i tati s , Mare Nectaris, Mare Spumans, 
and Mare Undarum. 

Method 

Thickness estimates of mare basl-l-ts are based- on’ — ■ 

the average depth of buri’ai^of 'pr’e-mare craters. The 

height 

average diameter and rim/of partially buried craters 
wi thin- mare- basi.ns is determi.ned from Irun’a'i — -Tbpographfc - 
Orthophot'ographs". — For'”parti-a'l ly^buri e'd r.cra ters., the' -—- 



-4- 


exposed rim height minus the original pre-burial rim 
height (determined from rim height to diameter ratios 
of fresh craters) is assumed to be the thickness of 
basalt in the area of the crater (Fig. 2). For complete- 
ly buried craters, observed as ghost rings, the thick- 
ness is assumed to be equal to the calculated rim height 
of the buried crater. This estimate ignores local 
lensing of the crater interior and wedging around the 
crater rim. The result is that of obtaining a thickness 
estimate in the area of the crater with the local relief 
of the crater removed. 

If a sufficient population and aerial distribution 
of buried craters exist throughout- a basin, it is 
possible to obtain lateral variations in thickness and 
to construct an isopach map. The data distribution is 
necessarily scattered (Fig. 3), but it is sufficiently 
random to yield an overall thickness distrtbution except 
in areas where the thickness exceeds 1. 5-2.0 km. For 
most burled craters the thickness estimate is plotted 
at the center--of the -crate r--( to the- nearest 0.1® long, 
and -lat.). For- some-1 arge craters as many as three - 
thickness estimates are plotted at rim crest locations. 
For a crater located near the edge of the maria, the 
th1ckness--is determined and plotted for the rim crest 
projecting— --i nto -the -maria .--Si nee-c-rater-s-occupy-^l arge- 
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areas (5-50 km diameter) the tFlickness estimate at any 
one crater represents an average over a large area. , 
Abrupt variations in thickness can not be detected. 

Isopach maps are produced using a contouring program 
on disk at the University of Arkansas Data Processing 
Center. Data points are identified by longitude, lati- 
tude, thickness of mare basalt, and average surface 
elevation (Append.). The data are used to. generate a 
grid of thickness values, surface elevations or basin 
floor elevations (surface minus thickness). Contour or 
isopach lines were interpolated from the grid by second 
degree polynomial fitting. The grid interval and the 
number of data points used in the .i nterpol ati on varied 
from basin to basin depending on the spacing of data 
points. Figures 4,5, and 6 are composite maps of all 
eastern mare basins. 

Topographic information used in this study is 
derived primarily from Lunar Topographic Orthophoto- 
graphs.- Where Apol 1 o -s-terogra-ph-i c coverage- is not avail- 
able, relative heights were taken from Lunar Aeronautic 

Cha-rts^ — In> western- and- sou-ther-n Mare-T-ranqu-i-1-1 i-tati s - 
/ 

(Fig .™4)--sur.Taces-topog.r-aphy-”fs -deri-ved from -rada-r~^topo- 
g r a p h.i.c charts . (Z i s k. .1374-).- 
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Limi tat j ons and Accuracy 

Data points used in the construction of the isopach 
maps are necessarily limited to the uneven and scattered 
d-i stri buti on of partially buried craters preserved with- 
in the mare basins. The contact between mare materials 
and terra materials defines the zero isopach line, pro- 
vides constraint to possible models and provides control 
for thickness projections. A total of 622 data points 
(422 basin edge and 200 interior) are used in construction 
of the isopach map (Fig. 3). The distribution is roughly 
one sampling point per two square degrees. Data within 
the circular mascon basins is limited to the relatively 
shallow shelf areas. Craters are obscured as basalt 
thickness exceeds 1. 5-2.0 km. 

One check on the overall accuracy of the isopach map 
is provided by surface contouring. Surface topographic 
maps are constructed using- only the elevation data at 
each thickness sampling point. The extent to which the 
reconstructed surface topography matches the topography ■ 
of the LTO series provides acheck on- the ability of 
the limited data spacing to-reproduce -the sur-f ace- topo- -- 
graphy or- thickness- distri bution . - The- general i zed- 

surface ma-ps -do- provi de- a reasonabl.e -r.eprod.ucti on ’of 

- the gross -surface- fea-tur-e-s-,- -how ever ,= -the rather wide . 
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spacing of sampling points does not allow retention of 
small surface features. 

A second, and presently unevaluated, consideration 
in the accuracy of the isopach map is the state of pre- 
servation' of buried craters and the extent to which they 
vary from the trend of the rim height-diameter equations. 

A number of processes modify craters (.Head, 1974) includ- 
ing impact or ballistic erosion, slumping, isostatic 
adjustments, tectonism, and volcanism. Most of the 
processes of crater modification tend to increase the 
apparent diameter of the crater and decrease the rim 
height. As a result, the estimates of depth of burial 
tend to overestimate the actual thickness in the area, 
of modified craters. Underestimation of basalt thickness 
may occur at localities of ghost craters with mare basalts 
draped over the buried rim. The extent to which a crater 
may be completely buried yet maintain surface expression 
is an unknown factor. In most basins, the buried craters 
are known to have formed after some major crater destruction 
even.t(i.e. deposition of ejecta derived from nearby cir- 
cular mare); hence, the craters formed within rather dis- 
crete time intervals and may not have suffered severe 
degradation before deposition of mare basalts. 
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AT ternate Methods 

Several techniques could be applied to provide 
checks on existing thickness models, to add refine- 
ment to data distribution, or to serve as an alternate 
means of estimating basalt thickness. Not all of the 
techniques are necessarily developed to their fullest 
potential at this time. Methods which either are now 
applicable, or might be in the near future are reviewed 
in three major classes: strati graphi c-s’tructural , 

geophysical, and remote sensing geochemical. 
Stratigraphic - structural techniques - Some surface 
features of the mare basalts may be of structural origin 
and may provide thickness information. Special corre- 
lation of mare ridges and rilles indicates that the thick- 
ness of mare basalts or the configuration of the basin 
floor is a controlling factor in the location of these 
features. If certain restrictions are assumed for the 
mode of formation of these features, then quanitative 
estimates can be applied. If lunar arcuate rilles are 
analoguous -to -some terres-tr-i a-1 graben "(Ba-l dw-i n., - 1 949 ; 

McGi 1 1 , ■ 1 970 )■, the width of the rille may be a function-' 
of the thickness of the mare basalts. If rilles in-mare 
basal ts_form- i n response, to tension in the basalt. which . 
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is essentially decoupled from the underlying rocks then 
the width of the graben formed is a function of the depth 
to the decollement zone. Similarly the geometry of con-' 
centric folding is related to the thickness of layers 
undergoing folding (DeSitter, 1956). If mare ridges are 
compressional fold features, their elevation and crustal 
shortening can be used to estimate the thickness of the 
layer being folded. 

Crater statistical methods are not restricted to 
rim height-diameter relationships used in’ the present 
study. Partial burial of a crater results in a change 
in the rim crest to rim v/idth ratio. A multivariant 
function of rim width, rim height, and crater diameter- 
can be employed to determine depth of burial (Baldwin, . 
1970; Egg-leton £t , 1 974). This method provides a 
readily available means of estimating basalt thickness 
in regions where s terophotography or optimum sun angles 
do not allow accurate measurement of rim height. The 
data relating rim width to diameter display consider- 
able scatter (Pike, 1974; McGetchin ^ , 1974; Settle 

and Head, 1975);' hence, a wider range of error is intro- 
duced into the estimates. ■ Nevertheless, this technique 
will be“important in' the large-areas of mare surfaces- - 
which do not' contain, adequate elevation data. 
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Geophysical techniques - Geophysical methods which pro- 
vide information as to the thickness of mare basalts 
include lunar gravimetric measurements, seismic studies, 
and sounder profiling. Variations in the lunar gravity 
field as measured from changes in velocities of satellites 
in orbit allow structural and density modeling of the 
larger features of the Moon (Muller and Sjogren, 1968; 
Sjogren ^ aj_. , 1 972, 1 974, 1975). A large variety of 
near surface structural and stratigraphic models have 
been proposed to account for the gravity anamolies 
(Baldwin, 1968; Kaula, 1969; Stripe, 1968; Urey, 1968; 

Wise and Yates, 1970; Howard, 1970; Scott, 1974; Scott ' 
^ , 1975). Continued tracking of lunar satellites 

in low orbits will greatly enhance the gravimetric data, 
and realistic models of mare basalt distribution may- be 
tested and refined. Similarly, gross structure of the 
moon can be determined by passive seismometry (Latham 
^ , 1 970; Toksoz, 1 973 ; Kovach e^ , 1973). How- 

ever, detailed seismic prof i 1 i ng-on • the scale required- 
for basin structures ,i s not possible without a large 
number -of- surface stati ons . Structural information for 
tha upper:_lunar..crus t. is -limited- to^gene.ra-l -fzed data- or 
very 1 oca.l i zed.-thi cknes s- determi nafi ons.-;.: The- 1-unar..- 
sounder experi ment-~( Phi 1 1 -i ps-Tet -al--. 7 1 973 ) -prtrvi des a 
capab-i-1 It-y of ..yieTd-iffg: conti.n Lious' surf ace and ■ 
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subsurface profiles to a depth of approximately 1000 
meters. Data reduction and systematic noise make sub- 
surface prof i 1 i ng di ff icul t , but a subsurface profile of 
the eastern shelf of Mare Serentitas has been obtained. 

Remote se.nsi ng geochemi ca 1 techni gues - Remote sensing, 
whether by earth-based telescopic or satellite experiments 
have 'been employed to detect compositional variations in 
exposed lunar materials (McCord ^ , 1972; Peters ^ 

al . , 1975; Alder ^ s 1973). These methods provide 
useful indirect data in thickness studies when combined 
with dimensional characteristics of craters. Remote 
geochemical sensing techniques are able to differentiate 
terra or upland materials from mare basalts. Where 
sufficient resolution exists, it is possible to recog- 
nize the signature of terra material in the rims of 
craters within mare basalts. Two possible uses of the 
data are suggested: 

1. For pre-mare craters - Detection of terra materials 
in the exposed rim of partially buried craters 
would veri fy- that ■ the- craters- formed on a pre- 
basalt surface and would yield proper- val ues for 
the thickness of the basalts-- Parti al -ly -buri ed 
craters with only mare materials in--the rim 
would be' excluded from the . thi ckness data, as 
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these craters have formed within the mare basalt 
sequence. 

2 . For post-mare craters - Any crater yielding a 
terra s i gnature' woul d indicate that the crater 
penetrates the mare basalts. The depth of the 
crater floor below surface level 'for the small-' 
est crater to-yield terra material would be an 
indication of basalt thickness. 

Unfortunately, the present limitations of resolution will 
not allow detection of the small areas Involved in crater 
rims nor of small craters. 



BASIN DESCRIPTIONS 


Mare Serentatis 

Mare Serenitatis is a well defined, 700 km diameter, 
multiringed basin with a prominent mascon (Muller and' 
Sjogren ,• 1 968) . The basin is- probably the site of two 
or more overlapping impact basins (Scott, 1974; Maxwell 
^ , 1975), The mare surface averages 4500 m elevation 

in the southern half of the basin with a well dev eloped 
trough which is less than 4500 m elevation in the eastern 
portion of the mare. 

The mare ridge and arch pattern of Mare Serenitatis 
is described by Howard and Muehlberger, (1973) and by 
Maxwell ^ , (1975). In the southern half of the 

basin, the ridge pattern can be described as three nested 
rings which overlap or coincide in the south (Fig. 7). 

The largest ring (750 km diameter) is defined by arcurate 
ridges parallel and close to the mare/terra contact. The 
next -ring (350 km. diameter) forms an almost complete 
circle marking mid-basin. The thirdring (200 km diameter) 
is cen.tered- on the southeastern mare surface. The eastern 
trough lies between the outer-ring and the coincident.. 
second -and-ithi f d-ri ngs . _ Promi nent -.f am.iJ.i es "of— ri 1 Tes -are- • 
located along the -southwestern., southern, and southeastern 
borders. -of the basd-n .(Fi g . .7 ) . As-in-iiiost basins, the 
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rilles occur parallel to sub-parallel to the basin- edge. 
In the southeastern region near Littrow the rilles are 
traced into the surrounding terra. 

The isopach map and the map of the basin floor are 
based on only s’i x data points in southeastern Serenntatis 
{Fig. 8). The results are necessarily probl em.ati cal and 
indicative. Nevertheless, the development of a trough 
in the southeastern part of the basin is apparently 
real. The trough is probably low lying terrain between 
the buried inner raised ring and the next" outward ring. 
The lack of buried craters within this region suggest 
that this rimmed shelf is buried by moderate to thick 
mare basalts. The central part of the basin is not - - 
measured, but estimates of 3.5 km depth (Hartman and 
Wood, 1971) are not unreasonable. 

Mare Tranqui 11 i tati s 

Mare Tranqui 1 1 i tati s occupies an extensive shallow 
mare basin- near the lunar equator '( Fi g . 5 and 9). The 
surface is approximately 750 km by 525 'km and covers an 
area of -430 ,000 - km^.. - The=-bas i n has--been -vari-ous-1 y 
clas'sified as- a degraded m'u-1 t.i ringed impact basin 
(Wilhelms and McCauley, 1971; Head^ 1975);. a multiple — 
impact basin (Stuart-Al exander and Howard, 1971); and a 
shallow, irregular basin (DeHonj 19-74)..- Si nus--Amori s is 



-15- 


a 200 km long embayment extending northward from north 
east Mare Tranqui 1 1 i tati s . 

The contact of mare and terra materials in the 
Tranqui 1 1 i tati s basin is 6000 m in the v/est and 6200- 
6500 m in the east. The mare surface slopes gently to 
a minimum elevation along a north-south line through 
the midwestern portion of the basin (Fig. 4). The lowest 
elevation (less than 5000 m) is reached in the area of 
the circular feature Lament. Sinus Amoris exhibits a 
northward slope from 6200 m in the south to 5200-5400 m 
in the north. 

Surface features at Mare Tranqui 1 1 i tati s CFig. 9) 
include rilles, mare ridges, and mare domes. Prominent 
arcuate rilles occur in northern Tranqui 1 1 i tati s in the 
opening between Mare Tranqui l 1 i tati s and Mare Fecundi tati s ; 
as sets or families of rilles parallel to the western and 
southwestern edge of the basin; and as a set of rilles 
and scarps in northeastern Tranqui 1 1 i tati s . Mare ridges 
form a conspicuous circular and radial, pattern in the 
southwestern part of the basin. The innermost ring of 
ridges defines the feature Lamont. Low domes, circular 
to irregular in plan view, are found on the northeastern 
portion. of the, basin; in an alined series north. .of -■ 
the'crater. Arago;.and as s ca.tte red-dome s - i n—t-he-'-s-outh^-:'-- 
eastern part of the basin. 

The thickness of mare basalts in the Tranqui 1 1 i tati s 
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and Sinus Amoris basins CFig. 10) averages 500 m thick. 

The thickest basalts in Sinus Amoris are slightly over 
750 m thick in the southern end of the embayment. Basalt 
thicknesses in excess of 750 m in the ' Tranqui 1 1 i tati s 
basin occur in a large mid-basin area and in smaller 
peripherial lenses to the north and east. The thickest 
basalts (greater than 1250 m) are located in the region 
of Lament. 

A map of the basin floor (Fig. 6) gives a generalized 
picutre of the basin configuration beneath the basalt 
fill. In general, the basin floor maintains the trends 
observed in the surface topography. Sinus Amoris occupies 
a well-defined trough which slopes northward, and a 
shallow rill separates the two basins. The floor of 
Tranqui 1 1 i tati s reaches its lowest elevation southeast 
of Lament. 

The Tranqui 1 1 i tati s basin structure is probably a 
composite of several overlapping and superposed 
structural trends. The depression in the region of 
Lamont may represent the remanents of a multiringed 
impact basin, but if it is an impact basin, it has been 
highly degraded. Any other impact basins within the 
Tranqui 1 1 i tati s region as suggested by Head (1975) or 
Stuart-Al exander and Howard (1971) are similarly degraded 
to near unrecognizable form. - The. tranqui 1 1 i tati s 
region is crossed by several structures peripherial to 
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younger circular basins. The northern portion of 
Tranqui 1 1 i tatl s is within a ci rcum-SerenI tati s belt of 
low lying terrain which includes Sinus Amoris. The 
southern part of the basin includes a ci rcum-Nectari s 
trough, and the southeastern part of the basin is 
included in a possible trough concentric to the central 
Fecunditatis basin. 


Mare Nectaris 

Mare Nectaris is a 350 km diameter mascon multi- 
ringed basin (Wilhelms and McCauley, 1971; Hartmann arid 
Woods, 1971). The mare surface extends northward through' 
a 150 km wide trough to connect with Mare Tranqui 1 1 i tatts 
(Fig. 5 and -11). A broad positive gravity anamoly occurs 
over the t-rough-’in the vicinity' of the crater Torricelli 
(Sjogren , 1 9 7 A S c o't t H 974-)---' '• 

Surface elevations are known- only ^ for-the Apoii O' i-6 
ph'otographi-c -str.i p -('Fi g'.‘ -12a )' ,whi:ch';.^jcrossfe‘S"--t.he\..trough:;s*-- 
between- Mare T!ec-taris and Mare -TraTiq-Xili TiTat 7 Tsr.>s- The-; 
mare- surface 'iai this- ragi on. si opfes— f rom- an •.-average^-:^3 . . 
5500T6,00.0j!m'r- el ey’ati on" to a • bro'adr- depres sionl iTess r thanhan 
5000'--m3 i4i the: Y-eg.iioni-xi.f .Torfi'C-e-lTiU ?The^.:nor-therninos-t^=^ ■ ■ 
surfa;c'e "of Nec'tard^sj'-sl opfes, ‘.downward, toward. thel..tien-±e.rl;e.r - •' 
o f ■•the'Pb.as'-i -Ti . 
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Surface features are sparse CFig. 11). A north- 
south trending series of ridges extends from southern 
Tranqui 1 1 i tati s into the central part of the trough 
where the trend changes to coincide with the northern 
rim of the buried crater Torricelli R. A few scattered 
ridges occur around the edges of the Nectaris disk. One 
arcuate rille parallels the northeastern edge of the 
basin, and a few scattered domes are identified in the 
northern part of the basin. 

The isopach and basin floor maps (Fig. 12b and 13) 
are constructed from data points occurring within the 
trough and in the northern part of the Nectaris basin. 
Ejecta from the large Coperni can-aged crater Theophillus 
masks a large portion of surface, and as in all deep 
circular maria the thicker interior cannot be measured 
by buried craters. Hence, the thickening trend observed 
at the edges of the basin have been projected toward the 
area of maximum gravity anomaly.. A projected thickness 
of 3000-4000 m is indicated, but the actual thickpess is 
dependent on the real slopes* and mid-basin configuration. 
The thickening trend of mare bas al.ts_ i n" the basin 
suggests that -the basalts -do_not-=flood- a. -shelf-as observe.d 
in most- other ci-rcul a-r- bas in s~(Wil helms and McCauley, --1 971 
DeHon',- l-O-M)-.- ' Wi t-hin-the-t-rough- -to- the. -north •the.t-h-i.ck- 
ness i s- measured -i n excess- of 1000 m along much -of -i ts- 
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length, and a maximum in excess of 1250 m occurs in the 
region of Torricelli R coincident with the gravity high • 
in the region. Scott (1974) derives a thickness of 
1800 m in the region by gravity modeling. 

Mare Crisium 

Mare Crisium (Figs. 5 and 14) is a 475 km diameter 
multiringed basin (Olson and Wi 1 helms'," 1 974 ) .‘' The mare ' 
basalts occupy the deep central basin and flood a shelf 
of variable width. Flooding extends beyond the most 
prominent raised ring to the east to give the basin an 
overall elliptical outline (Wilhelms, 1973). A well 
defined mascon occurs in the western part of the basin 
(Sjogren, 1974). 

Topographic coverage is available for the southern 
half of the mare (Fig. 15). The mare surface is 
approximately 3750-4000 m along the basin edge, and it 
is terraced downward toward the interior. The interior 
of the basin is relatively level at 3250 m elevation. 
Prominent mare ridge trends form a ci rcumferenti al 
pattern near the basin edge and two interior patterns 
which traverse mid-basin (Fig. 14). . 

As in other circular maria, partially buried craters 
are limited to the shallow shelf areas. The isopach 
and basin floor maps. (Fig. 15b and 16) are. based on a 
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a small number of exposed craters on the southern 
shelf. The data project an increasing thickness of 
basalt to the southwestern portion of the basin north 
of the crater Picard in the vicinity of the high gravity 
anomaly . 

The basin related structures in the Crisium region 
are more or less typical of all multiringed basins. 

Four raised rings are delineated (Wilhelms, 1973) 
approximately 210, 250, 340, and 485 km from the basin 
center. The spars^e thickness data suggest that the 
flooded portion of the basin is similar to that of the 
Serenitatis basin. A deep inner basin is probably out- 
lined by the mare ridge pattern roughly 210 km in 
diameter centered at 17°N; 56®E, A deep crescent shaped 
shelf probably exist between 60° and 65°E (Fig. 15). 

The overall eliptical outline of the basin is caused by 
the flooding of basalts over the second raised rim into 
the peripheral low lying terrain to the east. 

Mare Fecunditatis 

Mare Fecunditatis is an irregularly shaped basin 
600 km by 900 km acrpss (Fig. 15 and 17). In the north 
mare deposits may occupy a circular basin (Stuart- 
Alexander and Howard, 1 970 ; Hartmann and Wood, 1971; 
Wilhelms and McCauley, 1971) -or a highly degraded cir- 
cular basin (Head, 1975; DeHon, 1975b). Mare materials 
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in the south flood lov^ lying cratered terrain. A weak 
gravity anomaly is centered on the northern part of the 
basin (Sjogren, 1974). 

The mare surface slopes from about 6000 m elevation 
in the west to 5250 m along the eastern margin (Fig. 18). 

A broad trough trends northwesterly in the northeastern 
portion of the mare surface, and the mare surface is 
terraced downward to a broad low area (less than 5250 m 
elevation) near the center of the basin. 

The mare ridge pattern is analyzed by Waskom and 
DeHon (in prep.). The most prominent trends are associ- 
ated with the family of ridges which trend north-northeast 
through the central mare and form an arc around the 
western and northern edges of the central mare low. CFig.l7) 
Other ridges are radial to the central mare depression or 
nearly parallel to the basin edge. Rilles display two 
prominent patterns. Most rilles are parallel .to the basin 
edge, but a few project into the mare perpendicular to 
the mare shoreline. 

The isopach map (Fig. 19) reveals local thickening 
of mare basalts in excess of 500 m at the .northern end 
of the basin; within a small eastern embayment-; and Tn- 
a lange area- of the western and. central -paTt :of the basin'-. ■ 
A .basaTtJ.R’ickness' i n excess- -of- 1 000 m- In - th-e- central 
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basin is modeled by using the arc of the ridge trend in 
this region as the diameter of buried crater. The recon- 
structed basin floor- (Fig. 20) is characterized by broad 
depressions which are located in the same positions as 
surface depressions. Data in southern Fecundi tati's are 
insufficient to complete an isopach map with certainty, 
but the region is probably shallow. 

The present configuration of the Fecunditatis basin 
is probably a composite of over lapping structures CWaskom 
and DeHon, in prep^). The central deep portion may be a 
localized depression or an extensively modified multi- 
ringed basin (DeHon, 1975b). The northeastern portion 
of the basin lies on an arc of low lying terrain con- 
centric to Mare Crisium which includes Mare Undarum, 

Mare Spumans, and mare basalts near the crater Macrobius. 
The western half of the basin lies on an arc concentric 
to Mare Nectaris which includes southern Tranqui 1 1 i tati s 
and low lying terrain beyond the Atlai scarp. 

Mare Spumans and Mare Undarum' 

Mare Spumans and -Mare Undarum. are small irregular 
patches of mare material southeast of Mare Crtstum and 
east of northern Mare Fecundi tat.i S-C-F-i g...’. 5).- The basins.. - 
are -1 ocated- al ong the axis of -a ^trough- concentric to" ~ 

Mare "Cri si urn (DeHon, 1975a). The mare su.r.f ace • covers” 
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approxi mately 55,000 km^. The regional topography consist 
of a broad irregular trough trending northeast-southwest 
sloping toward Mare Fecund i tat is to the southwest [Fig. 21). 
The smoothness of the mare surface is broken by many 
isolated massifs of highland terrain which project through 
the mare lavas and irregular benches of mare material 
standing at different levels. Rilles and mare ridges are 
absent. 

Three crater populations in the Spumans and Undarum 
region are recognized by DeHon (1975a). The oldest 
craters, older than the Crisium basin., are degraded and 
partially filled by Crisium ejecta; hence, they cannot 
be used in thickness estimates. Craters formed after 
the emplacement of Crisium ejecta blanket and prior to 
flooding by mare basalts are used to estimate basalt 
thicknesses. Craters superimposed on the mare surface 
cannot be used to estimate basalt thickness. An average 
of 200 m of basalt is obtained throughout the basins 
with a 900 m maximum in the southern end of the materials 
(Fig. 22). -Local lenses in excess of 600 m are scattered 
throughout -t-he basins— -Most— 1 ocal -1 ensi ng -ref lect the 
influence of:'the • ol der~,"degraded craters flooded by 
mare basalts-. The recons tr-u.c ted . bas.i n-^fl-oo r--Ci^-ig •- 23) - 
mai nt-ai.ns =--the trough-.l-i ke '"conf i gura;ti on observed- f.n-_the 
surf a.ce--to.pograph-y-~wh-i.ch-"i s -a-ttri buted to- the fo.rma-tdon- 
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of a circum-mare trough between the third and fourth 
raised rings of the Crisium basin (DeHon, 1975a). 

Mare Smythii 

The Smythii basin is a degraded circular basin 
370 km in diameter (Stuart-Al exander and Howard, 1970); 
Stewart, Waskom and DeHon, 1975; Brennan, 1975). Mare 
material is limited to an area approximately 200 km 
diameter (Fig. 24) and isolated lenses within some of 
the larger craters. The mare deposits is classed as an 
incipient basin fill (Type IB2 of Head, 1975). A well 
defined mascon is centered over the mare basalt lens 
(Sjogren , 1 974 ) . 

The floor of the Smythii basin consists of smooth 
plains and mare material in the northern part of the 
basin and a more cratered and hummocky material of a 
crescent-shaped shelf occupies the western and southern 
two-thirds of the basin' (Fig. 24). The hummocky material 
is generally level at the 500 m contour interval with 
a regional slope toward the mare materials.. The surface 
of the mare basalts is smooth with a few mare ridges 
along the northern and eastern edges of the basin. The 
lowest elevation on the floor' of the'b'asi.n Cless' than 
3500 -m-) - occurs within the mare basalts (Fi g ^“^Ba ) ' 

An isopach-map -(Fig.- 2-5b-) of the comb vned-f-1 oor 
materials (Stewart, Waskom, and DeHon, 1975) indicates a 
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a probable thickness of piatertals averaging 500 m with 
local Tensing in excess of 750 m. The mare basalts, 
however, reach a total thickness of only 500-600 m in 
the northern floor of the basin. The reconstructed 
basin floor (Fig. 25c) shows the mare basalts filling a 
shallow eccentric inner basin on fhe floor of the 
Smythii basin. Isolated patches of basalt occur within 
large craters formed on the crescent shelf that floors 
the basin. 



CORRELATIONS 


Surface Topography 

The basalt surface of the lunar maria is lower than 
the surrounding terra by several hundreds of meters. 
Within the maria there is a close correlation betv/een 
the local mare surface elevation and the thickness of 
basalt. The mare surface is invariably depressed in the 
region of thick basalts (Table I). In the circular maria 
( such as Mare Serenitatis, Mare Nectaris, and Mare 
Crisium) the surface is terraced or slopes down to the 
area of maximum positive gravity anomaly which is assumed 
to be the zone of maximum thickness. In the shallow 
irregular basins, local depressions of the mare surface 
coincide with lenses of thickest basalt (such as the 
region of Lamont in Mare Tranqui 1 1 i tati s , Torricelli, 
and the multiple lenses in Mare Fecqndi tati s ) . 

The correlation between surface elevation and 
basalt thickness could- arise from ei ther • i sostati c sink- 
ing in response-, to .the'-load placed on the surface by the 
mare basalts or from volume reduction of the bas-al-ts 
during cooling and consolidation-. Di stingui s-hi ng -between 
thes-e- two--f ac-tors--i s i-mpbr-tan-t- -i-n de-f-i-n-i ng- the--i nternal 
strength o'f the moon and recon-s tructi'o'n' of the- pre- 
b a s a-1 1 1 0 p 0 gr a-p h-y .— If t h e-- moo n--is -<c a p at-1-e--o^---i'S o s t a-t i-c • ■ 
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deformation in response to the relatively thin basalts, 
then the reconstructed basin floor reflects this mod- 
ification. If, to the contrary, the moon ^ s s urface is 
rigid, then the reconstructed basin floor reflects 
pal eotopography existing prior to emplacement of the* 
mare basalts. 

Further, this observation emphasizes the fact 
that the geometry of the mare surface provides in- 
sight into the relative thickness of mare basalts 
and corresponding configuration of the basin floor. 
Regional topographic maps (based on s tereophotography , 
laser altimetry, or radar methods) can provide guides 
to sub-basin structure. 

Mascoh and Basalt Thi ckness 

Gravity measurements derived from Lunar Orbiter 
spacecraft accelerations resolved positive gravity 
anomalies associated with the major multiringed basins 
(Muller andSjogren, 1968). Subsequent measurements 
from Apollo orbits provi-de-i mproved reso^luti on and' 
reveal smaller mas c ons- wi th-i-n—i-rr.egu.l.a-r~and- degraded' " 
mare basins (Sjogren* ^ , 1 972'; Sjogren ^ aj_., 1974) 

Models of the mascons have tncluded—deeply buried - 
spherical iron meteorites (Strfpe ,^'1968 ;‘Urey , -1 968‘)V ' 
thi-n sur.fa”ce- disks- (Cornel— -a nd--He Is from, ,1968; Baldwin,- 
1968; Wood, 1970), and relief on the lunar mantle (Wise 



-28- 


and Yeats, 1970). A composite structure of mantle plug 
and surface disk is suggested by Phillips ^ . C1972) 

Head (1975) and Sean C1975). 

Mascons are associated with areas of increased 
basalt thickness (Table II) within both multiringed 
basfns and irregular maria. Positive gravity anomalies 
of the major multiringed basins match the central basin 
as defined by the mare ridge pattern (Phillips, et al . , 
1972). Smaller "mi ni -mas cons "are associated with local 
thick lenses within irregular and. degraded basins 
(Sjogren, 1975). In general, positive' gravity anomalies 
occur over areas where basalt thickness exceeds 1000 m. 
One striking exception to the rule is the gravity high 
associated with the Mare Smythii basalts which are less 
than 750 m thick. The thin basalts and positive anomaly 
in the Nectaris basin (Head, 1975) and the similar 
occurence in Smythii (DeHon, 1975b; Stewart, Waskom, and 
DeHon, 1975) would tend to support a combination of 
mantle plug and surface disk origin for at least some 
mascons 

The basalt lenses at Lamont, Torricelli R, and — 
central" Fecunditatis are modeled on the assumption 
that .mare ri dge—ri ngs- represent .the diame.ter of -.a. buri e.d 
crater j-.'a n d that-- -t-h e - -a v er a g.e„-ba s a-Tt -t hi cic-n e ss— i-n- th e - 
region .is represented , by the calculated ^rim height, -o.f - ■ 
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the buried crater. The interior depth of the crater or 
possible deformation from a fresh crater form is not 
considered. The thickness shown in the isopach map, 
therefore, provides a generalized construction for 
gravity modeling, but absolute thickness may be greater 
than that shown. 


Mare Ridges, 

Mare ridges are prominent surface features of almost 
all larger maria, but they are sparse or lacking in the 
smaller irregular and thin patches of maria material. 

The general distribution of ridges within mare basins 
has been depicted by (Baldwin, 1949 and 1963; Hackman 
and Mason, 1961; Scott ^ j 1975). A multitude of 
hypotheses have been used to explain the origin of mare 
ridges. These include 1) draped subjacent topography 
(Baldwin, 1 963 ; Maxwell £t ^. , 1 975); 2) intrusive or 

extrusive volcanism including autoi ns tursi on (Whitaker, 

1 966; Strom, 1972; Hodges, 1 973 ; Scott ^ j 1975) 

3) tectonic deformation resulting from shrinkage and 
isostatic subsidence of mare lava flows (Bryan, 1973); 

4) tectonic formation due to crustal compression 
accompanied by thrusting (Schaber, 1973; Howard and 
Muehlberger, 1973; Muehlberger, T974), A combination 
of 'processes are ‘favored 'by’Tji al (1970)", Hartma'nn “ and 
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Wood (1971), Colton ^ £L- C1972), 

Four patterns of mare ridge distribution are apparent 
in regional distributions (Fig. 26). Basin concentric 
systems are associated with the major circular mare 
basins and mark the outer ridge of the gravity high,., 
Interbasinal concentric and radial patterns are usually- 
found associateci with small, local gravity highs. Roughly 
linear or arcuate ridge patterns occur in mid-basin of 
some maria. Finally, small arcs and circles of ridges 
are observed marking the buried edges of partially 
buried craters or the entire rim crest- of completely 
buried craters.. The outer ring of ridges in Mare 
Serenitatis, Mare Nectaris, and Mare Crisium serve as 
examples of the large basin concentric patterns. Radial 
patterns are best developed in Mare Tranq ui 1 1 i tatis . 
Transverse ridge patterns are present in mi d-Sereni tati s , 
mid-Crisium, and Mare Fecundi tati s . Smaller arcs and 
circles associated with buried craters are prominent 
in most basins. 

Mare ridge patterns follow a close correlation with 
other-features of the maria. - The' basin concentric 
ridge systems correspond to the edges of the mascon 
wi-thnTn.^ma'j.o.r-:^c-ixcu"l ar- mare -suc.h -as. .,Seren i tati s (Phillips 
et-a-l- 197 2-'; "'M a xwe^H'-^ e t^l-r 197 5-)- j - . C r-i's vu m , a n d - 
Nectaris.- Inte.rbasi nal 'conc'en tri c ri dg.e.. patterns mark 
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the location of small gravity highs at Lament, Toricelli 
R, and central Marc Fecunditatis . Kithin concentric 
ridge patterns the mare surface is normally depressed. 
Some ridges mark the edges of a dov/nward terraced mare 
surface. Locally, ridges develop nearly monoclinal 
structure with the lower side toward the basin interior. 

When ridge patterns are compared with the isopach 
map {Fig. 5) or the basin floor map [Fig. 6] a close 
correlation is found between changes in basalt thickness 
and ridge location. Mare ridges are localized in areas 
of increasing basalt thickness or significant changes- 
in the slope of the .basin floor, Ridges are not found 
in regions of uniformly thin basalt nor are they found 
on the surface over uniformly thick basalts. 

Mare ridges are largely surface compressional 
features localized by the configuration of the basin 
floor. As th.e mare lavas undergo volume reduction upon 
consolidation, the surface sags,, developing tension at 
the edges, but away from the edges the surface is sub- 
jected to compressional stress. The slope of the basin 
floor tends to 1 ocal i ze* the* compressi ve stress; hence, 
buckling of the- sur-face occurs . - Simi 1 ar- effects are 
noted— in Hawaii an^ 1 ava crus't-whi ch‘ bury pre-existing — 
craters '•(Cruikshank-et-ral . , 1973.).- Draping of. lavas 
over loca-1 positive basement -rel i ef- i s also part -of the 
process , i nasmuchas most of the-. changes in slope are also 
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sites of crater rims or buried basin rims. The dis- 
ruption of the basin floor slopes would also tend to 
localize autointrusion (Hodges, 1973). Thus, while 
ridges are compressive surface features, they may also 
be the site of other processes including autointrusion, 
thrusting or -extrusi on . 

Mare Domes 

Mare domes are smooth low features wtth gentle 

convex upward profiles. They are circular to elliptical 

and are generally less than 15 km in diameter. Small 

\ 

summit craters may or may not be present. Isolated 
domes may be found in almost all maria, but significant 
concentrations occur in the Stadius region and in Mare 
Tranqui 1 1 i tati s , 

The domes are commonly interpreted as shield 
volcanoes (Pickering, 1908 ; Wilhelms and McCauley., 1971) 
or laccoliths (Marshall, 1943; Spur, 1945; Baldwin, 

1963, Wilhelms and McCauley, 1971). Head (1975) has 
proposed that the domes might be more analogous to basalt 
-pl.ai.n-sr. domes- as- descrd bed by--MacDona-l d (1 972). 

The- 1 ocati on: of _domes (Fig. 26_) compare.d_ to basalt 
thi cknes.s -_( FTg .- 5 )- or basin f 1 oor- topography--(Fig . 6) 
exhrbit's a wider range of scatter than other surface 
f eatures.." . Two domes_in Mare Cri si um"appean_.to be.. 
associated with the transverse ridge system. Two domes 
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in Mare Nectarls occur along the edge of the basalts 
in the region of mare ridges and one dome is found 
over the deeper interior of the mare basalts. Mare 
Tranqui 1 1 i tati s contains the most prominent collection 
of domes of the eastern maria(Fig. 9 and Fig. 26). 

Domes occur on the northeastern surface, east of Jansen 
and on the west central surface, north of Arago. The 
domes of the western surface form a chain radial to 
Lament and are localized along the northwest thickening 
zone of basalts. The domes of the eas tern' s urf ace display 
three associations: 1} on the thinner basalts over 

the sill between Mare Tranqui 1 1 i tati s and Sinus Amoris; 

2) irregular scatter around the thick basalt lens 
east of Jansen; and 3) over moderately thick basalts 
(500-750 m thick) southeast of Jansen parallel to the 
Cauchy rille trend. 

Mare domes are not shield volcanoes in the classic 
sense as they lack many of the features common to 
shields (Head, 1975; Baldwin, 1963). The domes may be 
laccolith-like structures or basalt plains domes. They* 
may not be of deep crus tal - ori gi n , but rather intrusions 
or. extrusions escaping from local lava pockets along 
zones' of “de-forme'd 'or 'fractured mare basalts. 
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Arcuate Mare Rilles 

Graben-like arcuate mare rilles are common features 
in all but the smallest mare basins. The distribution 
of rilles has been mapped by numerous investigators in- 
cluding Baldwin (1949 , 1963), Hackman and Mason (19'61), 
and Scott ^ (1975). They form gently curving or 

arcuate patterns often in enechelon series parallel or 
sub-parallel to basin edge (Fig. 26), Most arcuate 
rilles are confined to the mare basalts-, but a few are 
continuous into the nearby terra. There is a concensus 
of opinion that the rilles are fault graben developed 
in response to tension in the mare basalts at the edges 
of the bas i ns ■- (Ba 1 dwi n , 1963; Quaide, 1966; Smith, 1 966 ; 
McGill, 1971). Similar tensional zones are common in 
the subsidence surface over buri.ed volcanic craters 
(Swanson and Peterson, 1972). 

All rilles are restricted to thin mare basalts (less 
than 500 m thick) and are parallel or sub-parallel to 
zones, of ■ equal thickness. The data is consistent with 
a model of rilles of shallow tensional stress origin in 
which the stress is decoupled or loosely coupled with 
the underlying basement. The shallow stress field pro- 
bably results from basalt consolidation and volume re- 
duction or settling. Those rilles which are con.tinuous 
into the surrounding terra are probably localized along 
fractures existing before mare-filling. 



IMPLICATIONS 


Estimates of volumes of basalts erupted during the 
mare filling stage of lunar history are based on estimates 
of average basalt thickness rangin^g in excess of 20 km 
(Toksoz, 1 973); to 1000-2000 meters (Moore ^ , 1 974). 

The total volume of basalt in the mare basins is relatively 
small based on the thicknesses derived in this study 
(Table III), and may be less than one percent of the 
total crustal volume (Head, 1975). The relatively thin 
layer of basalts provides important limits to various 
modes of lunar crustal structure and past lunar processes. 

As the total volume of mare basalt is reduced 
so also is internal heat needed to generate the basalts 
by partial melting within the moon. The somewhat 
complex restraint of a late period (late Imbrian) of high 
heat flux- is reduced. The magma source regions represent 
an extremely small portion of the total volume of the 
zone capable of melting and melting was not wide spread 
(Head, 1975). 

Isostasy, which may have been an important process 
in early- 1 unar- hdstory-v was- not -a- major opera-ti-onal -- 
internal process by mid-Imbrian time. The 1 arge- gravity 
anamol i es " are-, -i n -par-t,-'-exp-l a-i-ned_b^_mant.l.e- pi ugs. (Wise .. 
and Yea-t-s-r i 969 ) and , in part, by s uperi sos tati c -loads 
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of mare basalts on the lunar crust. Isostatic compen- 
sation may have played a more important role in early 
lunar history. The mechanisms by which originally deep 
circular basins are degraded include multiple impact, 
infilling by throwout from other large basins, volcanic 
flooding and isostasy. Young basins such as Orientalis, 
Imbrium, and Serenitatis contain well developed mascons. 
Old basins such as Mare Nubrium do not contain extensive 
mascons. The deeper interiors of Mare Tranqui 1 1 i tatis 
and Mare Fecunditatis do not have the form or gravity 
anamoly of younger multiringed basins. If these basins 
originated in the same manner as the younger basins, 
they may have lost much of the multiring characteristics 
by isostatic compensation. 

The general form of the multiring circular basins 
is agreed upon by most lunar investigators CBaldwin, 
1949; Hartmann and Kuiper, 1962; Shoemaker and Hackman, 
1962; Stuart-Al exander and Howard, 1970). The analysis 
of partially buri ed ' craters provide a slight refinement 
of the structure of circular basins in the region of 
the shallow shelf. Within''"the central' .part of the 
basi-ns-di-he basal ts-'-a-.re. too-'t-h-i-c-k -to - revea-l — ^a-ny -craters 
on the basin floor. The correlations of mare ridg'es 
wi th— floor- structure- does 'provide some' i ns'ight 'tnto'the' 
innei — basin structure“('DeHon , ' 1 97‘5'b“;Was kom and DeHon, 
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1 975 ; Maxv/ell , 1975). The structure of shallow 

maria is revealed by analysis -of partially buried craters. 
Relatively deep sub-basins and troughing trends are 
detected as well as broad rises of the basin floors. 

Much of the i ntra-bas i nal structure can be related to 
cir-cum-mare structures formed in response to younger, 
multiringed mascon basins (DeHon, 1974, 1975a; Waskom 
and DeHon, 1975). 

The relative thinness of mare basalts has import- 
ant implications for lunar gravity anomalies. Young 
deep basins with thick mare basalts have well defined 
mascons. Shallow maria with thin basalts exhibit little 
positive gravity anomaly. Moderately deep fill in 
Lamont and mi d- Fecundi tati s , exhibit small anomalies. 
Relatively thin basalts in Mare Smythii are associated 
with a positive mascon. It seems unlikely that the 
thin disk of mare materials In Mare Smythii can account 
for the mascon. It is probable that the mascon in all 
basins is produced by. two components; a mantle plug and 
surface disk of basalts. 

The.- i sopach- maps , -basln_fl oo-r maps., a.nd-their.- 
corre.l ati ons with surface f eature.s.pr.ovi de_ some implic- 
ations 'to the mode of emplacement of mare' basalts.- Most 
surface features can be explained in terms of modification 
of -the.'-ba.sa-l t- s urfa'ce. by. pri mari ly passive forces as'so- 
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iated with the emplacement of basalts on a rigid sur- 
face. Surface features of the basalts formed in response 
to stresses developed within the basalts and not external 
to the basalts. The basins filled as a consequence of 
their low elevation from source vents covered by their 
ov;n effluent. The sources cannot be uniquely identified; 
however, the basin floor topography provides some in- 
sight into limitations. Some, if not all, basalts were 
extruded along fractures related to the multiringed 
basins-. Filling of the flooded craters and basins is 
primarily hydrostatic (Scott £t_ , 1975). Mare 

basalts were apparently emplaced in a manner similar -to 
terrestrial plateau flood basalts CGi^eely, 1975), There- 
fore, the lunar maria can be expected to yield similar- 
histories, structures, resevoirs and rates of production 
at plateau basalts rather than features common to 
shield-type bas-alts. 
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TABLES 


TABLE I. Average - s urf ace elevation Cin meters) of mare 
basin edge and interior based on control points used 
in construction of the isopach maps. The interior 
of mare surface is almost always depressed relative 
to the outer edge. 

f 

TABLE II. Comparison of surface depressions with basalt 
thickness and gravity anomalies. The basalt surface 
is usually depressed in areas of thick basalts. 
Gravity increases are associated wi.th basalt’ thick- 
ness greater than 1000 m. 

TABLE III. Average thickness of mare basalt in the 
shallow mare basins. 
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TABLE I 


BASIN 

AVERAGE BASIN EDGE 

AVERAGE INTERIOR 

SERENITATIS 

4850 

4627 

SINUS AMORIS 

5945 

5978 

TRANQUILLITATIS 

6155 

5852 

TORRICELLI REGION 

5244 

51 25 

NECTARIS 

5717 

4950 

CRISIUM 

3905 

3730 . 

FECUNDITATIS 

5452 

5290 

UNDARUM 

6550 

4815 

SPUMANS 

5936 

5739 

SMYTHII 

3650 

3617 


TABLE U 


BASIN 

SURFACE DEPRESSION 

BASALT 

THICKNESS 

GRAVITY 


Location Local Relief 

Total 

Local Express 

Location 

Anomaly 

Sereni tati s 

1 -1 ‘ ' 

270N,; 250E 

200 HI 

>1.5 km 

>1.5 km 

23°N;18°E 

160 


20°N; 27°E 

125 

>1 .0 

0.5 

“None 

- 

Sinus Amoris 

16°N; 37°E 

150 

0.75 

0.5 

-None 

- 

Tranquil 1 itatis 

13°N; 31°E 


1 .0 

0,75 

-None 

- 


7°N; 39°E 


0.75 

0.50 

-None 

- 


5°N; 22°E 

300 

1.25 

0.50 

50N;230E 

40 


5°S; 30°E 

300 

1 .25 

0.50 

7°S;27°E 

40 

Nectari s 

' ! * ■ 

-Not Measured 

- 

>1,5 

>1.5 j 

14°S;33°E 

1 00 

Cri s i urn 

ISON; 54 OE 

300 

>1 .5 

>1 .5 

17°N;55°E 

120 

Fecunditatis 

4°N; 49°E 

200 

0.5 

0.25 

-None 



20N; 5SOe 

1 50 

0.5 

0.25 

-None 

- 

' 

0° ; 54°E 

250 

0,25 

0 

-None 



3°S; 520E 

300 

>1.5 

0.75. 

20S;52°E 

40 


5 OS; 60°E 

400 

0.5 

0.5 

-None 

- 

Smythi i 

2°N; 85°E 

300 

0.5 

0.5 

2°S;84°E 

80 



TABLE III 


BASIN 

AREA 

VOLUME 

AVERAGE THICKNESS 

(X 

1 O'^km^ ) 

(X 103km3) 

(in meters) 

Sereni tati s 




Sinus Amoris- 

4.1 

816 

210 

Tranqui 1 1 i tati s 

43 

199 

460 

Nectari s* 

25' ■ 

120 

470 

Crisium 




Fecunditatis 

40 

127 

320 • 

Undarum 

34 

6.6 

190 

Spumans 

18,6 

3.9 

210 

Smythii 

39 

9 

230 


*Nectaris data includes trough between 2°-10° S. 



ILLUSTRATIONS 


Figure 1. Crater depth of rim height relations for 
fresh appearing lunar craters (Pike, 1972). 

Figure 2, Estimation of mare basalt thickness in the ' 
vicinity of a flooded crater. The thickness 
determined does not include the thick interior lens. 

Figure 3. Location of interior data points used in the 
construction of the isopach map. 

Figure 4. Surface topography of the maria. Contour 
interval is 500 m. Highland areas betv/een basins 
are not contoured. 

Figure 5. Isopach map of the eastern mare basalts. 
Isopach interval is 250 m. Stippled areas are 
outside the. area of topographic coverage. 

Figure 6. Structural map of the basins' floors. 

Contour interval is 500 m. Interbasinal high- 
lands are not contoured. 

Figure 7.. Surface features of Mare Serenitatis. Mare 
ridges are shown by line with double barb; rilles 
by line a.nd dot. 

Figure 8. TOP (a) Generalized surface topography of 

the Serenitatis basin. Contour interval is 250 m. 

MIDDLE (b) Isopach map of Mare Serenitatis 
basalts. Isopach lin.es are at 250 m intervals. 
Crosses mark location of thickness estimates. 



BOTTOM (c) Structural contours on the floor 
of the Serenitatis basin. Contour Interval is 250 m. 
Data is insufficient to construct midbasin con- 
figuration. 

Figure 9. Surface features of Mare Tranqui 1 1 i tati s . 

Mare ridges are shown by line with double barb; 
rilles by line and dot; mare domes by ellipses. 

Figure 10. Isopach map of Mare Tranqui 1 1 i tati s and 

Sinus Amoris. Isopach interval is 250 m. Thick- 
est basalts occur in the region of Lament. 

Figure. 11, Surface features of Mare Nectaris. Mare 

ridges are shown by line with double barb; rilles 
by line and dot; mare domes by ellipses, large 
buried craters by closed dash and dot line. 

Figure 12. TOP (a) Generalized surface topography in 

trough betv/een Mare Nectaris and Mare Tranqui 1 1 i tati s . 
Dontour interval is 250 m. Surface elevations are 
not available for the surface of Mare Nectaris. 

BOTTOM (b) Structural contours beneath mare 
basalts in region depicted in (a) above. Contour 
i nterval -is 250 m . 

Figure 13. Isopach map of the Mare Nectaris region. 

Isopach lines are at 250 m interval. Thick basalts 
within the trough coincide with the region of 
Torricelli R. The thick lens within the Nectaris 



basin is constructed by projecting thicknesses 
toward the region of maximum gravity anomaly. 

Figure 14. Surface features of Mare Crisium. Mare ridges 
are shown by line with double barb; mare domes by 
ellipses. 

Figure 15. TOP (a) Generalized surface topography of 
southern Mare Crisium. Contour interval is 250 m. 
Central Mare Crisium is essentially flat at this 
contour i nterval . 

BOTTOM (b) Structural contours on the floor 
of the Crisium basin. Contour interval is 250 m. 

Figure 16. Isopach map of southern Mare Crisium basin. 
Isopach lines are at 250 m intervals. . Crosses 
mark the location of thickness estimates. Thick- 
est basalts (greater than 1000 m) are determined 
by projection. 

Figure 17. Surface features of Mare Fecundi tati s . Mare 
ridges are shown by line with double barb; rilles 
by line and dot. Note pattern of mare ridges and 
location of the central Fecund itatis gravity 
anomaly . 

Figure 18. Generalized surface topography of northern 
Mare Fecundi tati s . Contour interval is 250 m. 

Surface elevation data is not available for the 
southern part of the basin. 



Figure 19. Isopach map of Mare Fecundi tati s . Isopach 

lines are at 250 m interval. Crosses mark locations 
of interior data points used in the construction of 
the map. 

Figure 20. Structural contours on the floor of the 
Fecunditatis basin. Contour interval is 250 m. 

Figure 21. Generalized surface topography of the Mare 
Spumans and Mare Undarum region. Contour interval 
is 500 m with 250 m supplementary contours. 

Figure 22. Isopach map of mare basalts ‘in Mare Undarum 
(northeast) and Mare Spumans (southwest). Isopach 
lines are at 200 m intervals. Crosses mark locations 
of data points used in the construction of the 
isopach map. 

Figure 23. Structural contours on the floors of the 
Undarum and Spumans basins. Contour interval is 
500 m with 250 m supplementary contours. 

Figure 24. Surface features of Mare Smythii. Mare 
ridges are shown by line with double barb. The 
basin floor is outlined with broken line. The 
mare basalts, enclosed in a solid line, are restrict- 
.e,d to the northeastern portion of the basin. 

Figure 25. TOP (a) Surface topography of northeastern 
Mare Smythii. Contour interval is 100 m. 



MIDDLE (b) Isopach map of mare basalts 
in the Smythii basin. Isopach lines are at 2.50 m 
i nterval s . 

BOTTOM (c) Structural contours beneath mare 
basalts in the Smythii basin. Contour interval is 
250 m. 

Figure 26. Generalized composite map of the surface 

features of the eastern mare basins. Mare ridges 
are shown by line with double barb'; rilles by line 
with dot; mare domes by solid ellipses. 
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